Abstract. D'man breed (D) is found in the oasis of the subsaharian regions of Morocco and reared usually in sedentary type of management with small flocks (< 10 ewes). Preliminary field surveys showed that D is early maturing, prolific and aseasonal. Hence, a multidisciplinary research programme on D was started in 1974.
Introduction
Early work undertaken on D'man (D) breed both in station and on the field showed reproductive characteristics of this breed which are different from those of other Moroccan breeds: precocious puberty (219-229 d), a short postpartum anestrus (34 -64 d), non seasonality of breeding and high prolificacy (2.86) (7, 17, 19, 20) . With an ovulation rate (OR) of 2.85 (17) (30) and is higher than that of other Moroccan breeds (Beni-Hsen 1.25, Timahdite (T) 1.1, Beni-Guil 1.1, Sardi (S) 1.1).
Prolificacy in D varies from 2 to 2.6 compared to that of Beni-Hsen (1.18), T (1.0), S (1.0) and Beni-Guil (1.0) (4, 8, 17) .
Experiments were designed to try to determine the physiologic mechanism and genetic components which are behind these characteristics; these esperiments can be summarized as follows:
Studies of litter size (LS), OR and embryo survival (ES) .
Determination of endocrine regulation of multiovulation.
Determination of photoperiod and genetic involvement in the expression of sexual activity.
Studies on adaptation of D to harsh environment and its possible use for intensification of sheep production through crossbreeding with local meat breed like Sardi.
Litter size and its components

Litter size
From the analysis of 1852 performances gathered in two stations at Ziz valley, Boujenane et al. (6) reported an average LS of 2.09, ranging from 1.77 in ewes of less than 12 months old to 2.32 in ewes for which age was between 30 and 42 months (Table 1) . Moreover, LS varied from 1 to 3 in ewe lambs and from 1 to 7 in ewes older than 42 months.
In a crossbreeding experiment involving D and S purebreeds, Boujenane et al. (6) reported that the average LS were 1.80, 1.20 and 1.55 in D, S and D X S ewes. These results which are in agreement with those of Bradford al. (9) (Table 2) shows that LS varied from 1 to 6 in D, 1 to 3 in S and 1 to 4 in D x S ewes. It seems from these that LS has an additive inheritance, since heterosis was small (1.4 %). This result agrees with several other studies (10, 22, 28 High repeatability of OR in this breed indicates the possibility of presence of a major gene comparable to the Boorola gene reported by Piper and Bindon (26) . On the other hand, individual heterosis for OR was small and negative (-0.5 %) (6) . This result shows that OR is controlled by additive genes and it is in agreement with those of Land et al. (22) and Ricordeau et al. (28) . 
Embryo survival ES reported in D (
Endocrine mechanism of multiovulation
Comparative studies on folliculogenesis in D and Timahdite around birth and in the adult indicate that D has more large follicles and less atretic follicles which is mainly due to high level of FSH (19, 21) . In recent studies, D senstivity to estrogen negative feed-back and to gonadotrophins was tested.
Results summarized in table 6 and table 7 indicates that the D had a greater OR after PMSG than did the non-prolific breeds either in adult and ewe-lambs. This is in agreement with results of other experiments (3, 11) showing greater gonadotrophin responsiveness in animals with higher natural OR. However, when the response to PMSG is expressed as a multiple natural OR, the non-prolific breed seems to be more responsive than the D. The relative increase in OR when the dose of PMSG increased from 250 to 500 was 43 % and 92°/o for D and T ewes, respectively (31).
On the other hand, estrogen negative feedback is more marked in T than in D ewes. This was shown in ovariectomized ewes fitted with estrogen implants. In these animals, the levels of FSH and LH were singificantly higher in D than in T (Lahlou-Kassi, unpubl. data). It was concluded that D ewes are less sensitive to estrogen feedback mechanism.
Multiovulation seems to be a resultant from higher level of FSH allowing growth of more follicles that are in last stages of development and a higher sensitivity of follicles to gonadotrophins probably due to higher concentration of FSH and LH receptors. This hypothesis is under investigation (LahlouKassi, unpubl. data). July and Dec in the second year. This was not clearly shown in S ewes of which breeding season is centered around the winter solstice. However, ovarian activity determined by plasma progesterone levels was not affected in D (18) . This pleads in favour of a lower sensitivity of this breed to photoperiod variation.
In the male
In the male, a study on characteristics of semen from 5 rams collected by artificial vagina weekly for 2 years showed that volume, gross motility and individual motility were relatively constant. However, concentration was affected by season and decreased between May and August, may be due to poor nutritional level. The D ram seems to reach exhaustion earlier than S rams as concentration of semen decreasedrapidly by rank of ejaculate (32) . The libido in D ram seems to be higher than in other breeds. In Tadla experimental farm, breeding record indicates a possible high male effect of ram from this breed, but this hypothesis was not thoroughly investigated.
Adaptation of D'man sheep to environmental constraints
The production of sheep is influenced by genetic potential of the breed (growth rate, fertility) and its adaptation to the environmental stress (heat, solar radiation, water and food restriction). Because of its high prolificacy, there is a rising interest to use the D outside its original habitat either as a pure breed or more than often in cross breeding. The most advanced program is the crossbreeding with the S in the Tadla region.
The D is originally reared in the shade of the oasis where it is watered permanently and fed with a high nitrogen ration composed with alfa-alfa. The S is grazing in the Tadla region. During the hot season, this breed is fed on the stubble which are poor in nitrogen and high in fiber. In addition, it is exposed to solar radiation and subjected to unfrequent watering.
The production under this environment depends on the ability of the animals to economize water and nitrogen and to minimize the effect of heat stress. Comparative studies have been made on water turnover, urea recycling and reactions to heat stress in Sardi, D'man and FI.
1. Water turnover and urea recycling
Water turnover which expresses the water needs was measured during the critical phases of the production cycle such as pregnancy, lactation, and the growth period using tritium as tracer. Table 9 shows that water turnover under thermoneutral conditions is higher in S than in D and FI. These differences were significant during pregnancy and growth.
In ruminants, it is well established that endogenously produced urea is partly degraded to ammonia in the digestive tract and partly excreted in the urine. The ammonia produced in the rumen can be used for microbial protein synthesis (14) . The proportion of urea degraded in the digestive tract ( = urea recycling) increases when the diet becomes poor in nitrogen. In addition, it was reported that the ability to recycle the urea is influenced by the genotype (25) . When fed with a low protein diet, S and the FI show a higher urea recycling rate than D and this effect was more pronounced during pregnancy than during lactation ( Table 9) .
The low water turnover and high urea recycling rate seen in S can be related to the adaptation to the stress of low nitrogen intake and unfrequent drinking observed during the summer in the Tadla region.
Seasonal heat stress and growth
Berger et al. (2) reported that the post weaning growth is depressed when it occurs during the summer period. To elucidate this seasonal difference in growth, a comparative study was conducted in growing lambs (3 to 6 months age) during the summer and during the winter with a similar nutrition level. The animals from 3 genotypes (D, S and FI) were divided in 2 groups, one exposed to the sun and the other having access to the shade. The results in the Table 10 confirm that the post weaning growth is depressed in the summer, but mainly when the animals are exposed to the sun. This effect was not caused by a decrease in food intake, but by a decrease in food conversion efficiency.
When growth was compared in the 3 genotypes, S and FI showed the highest absolute growth in comparison with S. Since the 3 genotypes do not have the same mature weight, the relative growth rate was used to compare the 3 breeds. It appeared that the D and the FI have a much higher (28 %) relative growth rate as compared to the S. In addition, the relative growth rate was depressed during summer in D and FI but not in the S. It is known that the level of thyroid hormones are influencedby ambient temperature and genetic background and that there is a relationship between thyroid activity and growth rate (1, 13) . A related question is the possible role that thyroid function (known to be depressed by environmental heat) played in the observed reduced growth rate during the summer and in the difference in growth between breeds. In fact, it has been shown in this study that thyroxine (T4) and triiodothyronin (T3) were depressed during summer in all the 3 genotypes. On the other hand, the D showed higher levels of T 4 and T, than S with intermediate levels for the F,.
Conclusion
Results obtained by different authors suggest that prolificacy in D may be related to other parameters (low age at puberty, non seasonality, ...). All these components of reproductive efficiency may have the same basic mechanism. The low sensitivity of prolific breeds to estrogen negative feed-back (22) and the role of this feed-back in seasonality (23) may explain the relationship between reproductive parameters.
Results from the study on genetic support of prolificacy in D shows that the presence of a major gene controlling this trait is controversial. The existence of this type of gene will allow a selection for two strains, one with a LS < 2 and one with a LS > 3. This selection offers possibility of controlling LS and use of D by farmers for cross-breeding with non-prolific ewes according to their goals and their specific production system. D shows, in addition to its high prolificacy, a high potential for fast growth which can be efficiently used in cross-breeding. This characteristic is associated with high water turnover and high levels of blood thyroid hormones. However, D appears to be more suceptible to the effect of environmental stress of the summer period than the S. 
